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. A Weas W B
u I n e CFD High Lift Prediction

Summary of Trap Wing Experiments

— Langley’s 14x22 and Ames’ 12 Foot: timeline and types of data
— Plans and status of data

Geometry

— config 1 geometry — experiments, QAs, workshop geometry
— config 8 geometry
— body pod standoff

Force and Moment Experimental Repeatability
— config 1 and config 8

— config 1 — more details

— conclusions

Summary
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Motivation for Trap Wing Experiments CFD High Lit Precicton

Improve predictive capabilities for 3D high-lift configurations and provide
insights into the flow physics

Trap Wing model provides a “simple” geometry with the relevant flow
features for high-lift flow field and presents CFD with computational
challenges for:

— massive separations

— unsteady effects

— strong streamline curvature

— history effects

— transition (wall bounded and free shear layers)

Adverse pressure
Confluent Turbulent B.L gradient wakes

B.L.
Laminar B.L. and \ / /K/_ Massively
separation bubble - separated wake
B .
region
Compressibility —— N
Unsteady cove flows

Attachment-line B.L.
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Trap Wing Model

CFD High Lift Prediction

b/2 =85.1"
MAC = 39.6”
AR =4.56

N = 33.9 deg

N4 = 30.0 deg
taper ratio = 0.4

original model was =—
a horizontal tail
(pre Trap Wing)

700 - 800 pressure orifices

« All pressure tubing runs through slat and flap brackets
 Standoff with labryinth seal

* Transition location was not fixed

AIAA HiLiftPW-1 — Chicago, IL June 2010
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Trap Wing Timeline CFD High i Prdiction.

96 97198 199 100 01 /02 03 04|05 |06 |07 |08 |09 10

NASA — Ames and Langley,
Boeing — Seattle and Long Beach

Workshop
Preliminary Test organizing
1998 \ |
\ established
High Re Test \ - 2009

ARC 12’ Test 60 Acoustic Test

1999 14x22 Test 517
2003
" Tunnel Flow Surve
« 2001 Reno 14x22 Test 509
Turbulence P 2002
Workshop e . N
» 1 configuration » \
Transition Test ;
. morg flow 14x22 Test 506 \ 1st AIAA CFD
physics data 2002 \ High-Lift
- S Prediction
‘ \—:> GLTIEL s \ Workshop —
e ol \ June 2010

Slide 5 of 42
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Trap Wing Timeline

7 X
NASA — Ames and Langley,
Boeing — Seattle and Long Beach

Preliminary Test
14x22 Test 478
i998

High Re Test
ARC 12’ Test 60
1999

Y B
CFD High Lift Prediction
Workshop




1998 and 1999 — Types of Data o High Lt Preditin

96 |97 | 93 | 99 RECEECIRUZEROSERCERREORUORCERRCCEROS 10

Re (million) 4.3 3.5,6,9,12, 15
Mach 0.20 0.15-0.25
configurations 4 full-span flap 10 full-span flap

4 part-span flap 6 part-span flap

— forces/moments (4 (4

data available at:

http://db-
www.larc.nasa.gov/ [€ surface pressures (V4 v

trapwing/archive/ |g

reqister/ wall pressures v
BL transition limited- infrared TSP
model velocity limited v

workshop profiles

config 8 data is . )

from 1998 test mini-tuft images v
acoustic microphone

array and flap
edge pressure

" - Slide 7 of 42
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CFD High Lift Prediction
Workshop

999 12 Foot Wall Corrections

5500 o7 o2 T3 T0R 08 06 a7 T8 [0 70

12 Foot data - strong
recommendation to include
tunnel walls in CFD modeling

(AIAA 2000-4218, CFD Validation
of High-Lift Flows with Significant
Wind-Tunnel Effects, Rogers,
Roth, Nash)

/
1998 and
96 | 97 | 98
34
Full-Span Landing Flaps
3.0
2.6
2.2
G,
1.8
7 Mo 14322 Corrected
|1 4 ,’ 12¢1 Uncerrected
,/ . 1211 Ceorrected
1.01/
/
i
)
06078 16 24 32

40

alpha, deg Figure from AIAA-2000-4217 by
Johnson, Jones, Madson

Slide 8 of 42
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1998 and 1999 Model Traverse With 7-Hole @A!AA_

Probe

CFD High Lift Prediction
Workshop

96 |97 98 |99 OO

01

02

03

04

05

06 07 |08 |09 |10

AIAA HiLiftPW-1 — Chicago, IL June 2010

Velocity component data not
yet available because of
questions about probe head
positioning relative to the flap.

These questions are being
sorted out now and then data
will be reduced.

1 12 I3 1g 15 |
CENTIMETERS INCHES
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Trap Wing Timeline

01 /02 03 | 04

A%l . Tunnel Flow Survey
« 2001 Reno RBY 3 14x22 Test 509
Turbulence
Workshop — ——=
1 configuration "
Transition Test
* more flow 14x22 Test 506
physics data 2002 _
|_|—'\, Flow-Field Test
v 14x22 Test 513
2003 —
AIAA HiLiftPW-1 — Chicago, IL June 2010



High-Lift Flow Physics Experiment G High L Prediton

EORRSERSSEREEE 00 | 01 |02 | 03 | 04 | SOEEO O SO s

Purpose - To obtain detailed flow-field information on a three-element,
high-lift wing configuration for the validation and assessment of CFD
predictions used in high-lift flow solvers.

Approach
— Part 1: Measure tunnel boundary conditions

— Part 2: Measure boundary layer transition, separation, and
reattachment regions - hot-film anemometry

— Part 3. Measure instantaneous velocity field — 3D PIV

Trap Wing Configuration
— config 1 (baseline full-span flap landing configuration)
o slat: deflection 30°, g/c = 0.015, h/c = 0.015

o flap: deflection 25°, g/c = 0.015, o/c = 0.0026 (original config 1
0/c=0.005)

o ] Slide 11 of 42
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2002 Tunnel Flow Survey ALAA-

CFD High Lift Prediction
Workshop

SONESARSSERSSN 00 | 01 (02 | 03 | 04 | GSEEEOEEEENRUSERUS IO

/ d| - Pitot-static probes (14)
e 7-Hole Probes (7)

| % » Total Temp. Probes (3)
\

| “& « Hot Wires (2)
// - g iy 5

Slide 12 of 42
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2002 Tunnel Flow Survey — Types of Data N5 o e

Workshop

SORROERSSERSSE 00 ( 01 (02 [ 03 | 04 | GSERUCEROERRUSERUS D

dynamic pressure (psf) 5-135

spatial distributions of
» flow angle
» temperature v
 total and static pressure
— * turbulence intensity

tunnel walls BL profiles (4) v

wall pressures — 3 walls v

16” BL rake

—> Tunnel turbulence intensities are documented in NASA TP-2004-213247
by Neuhart and McGinley.

Rest of the data has been reduced, but not published.

o ] Slide 13 of 42
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AIAA

2002 Transition Test e Hiom Lt reatotion

Workshop

01102 ] 03 [ 04 | (NNOGRNORNIOSNNOONNION
UerrSuﬁace ‘ . Lower

[face
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2002 Transition Test — Types of Data CFD High Lit Predicton

EORRSERSSEREEE 00 | 01 |02 | 03 | 04 | SOEEO O SO s

14x22

Re 4.3 million
configuration 1 full-span flap landing
(config 1)

forces/moments 4

Hot film
surface pressures v

measurements
wall pressures (3) v taken at 15
tunnel walls BL (4) v —» different alphas
model deformation and v g?t\éveen -4 and
wing twist egrees
transition hot films —

BL state and attachment lines at alpha = 8.8, 12.9, 17.1, and 25.3
degrees are documented in AIAA-2005-5148 paper by McGinley,
Jenkins, Watson, Bertelrud

AIAA HiLiftPW-1 — Chicago, IL June 2010
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2003 Flow Field Test

96

97

98

1)

00 | 01

AIAA HiLiftPW-1 — Chicago, IL June 2010

02 |03 04 | G5 08

07

08

09

Z. fluorescent tape

_— laser light sheet
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AIAA
2003 Flow Field Test — Types of Data c"’-é-?-—-—-

Workshop

FEORRSERSCRESSN 00 | 01 |02 | 03 | 04 | GONCOECERUCIROS 10

14x22

Re S el «First use of PIV in
configuration 1 full-span flap the 14x22 — 6”x8”
landing (config 1)

q .
forces/moments v *Now — large field of
surface pressures v view —up to 3'x 6
wall pressures (3) 4
velocity fields PIV

« Trap Wing PIV data has not been reduced using new
software that has the flexibility to handle the camera
orientations. If these issues can be worked through the
data can be reduced.

* PIV lessons learned documented in NASA TM-2003-212434 by
Watson, Jenkins, Yao, McGinley, Paschal, Neuhart.

o ] Slide 17 of 42
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Status and Plans For Experimental Data e e o

Workshop

1998 & 1999  f/m, surface pressures, 12 Ft wall pressures on
existing website
» 14x22 and 12 Ft model velocity profiles to be worked
» 12 Ft mini-tuft images and transitional info to be
gathered and packaged

2002 Flow Survey - turbulence intensities have been published
* rest of data had been through a preliminary reduction
— to be gathered, finalized, packaged

2002 & 2003 * hot film data has been analyzed and published for 4
angles
» rest of hot film data - ?
» PIV data — needs work - ?
 f/m, pressures, model deformation, etc to be
packaged

 All experimental data needs to be gathered in one place and made useful.
« Some corrections are needed to existing website and fill in missing data.
» The workshop has provided the opportunity to package this data set.

s . Slide 18 of 42
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Model Differences Between Experiment and gJAYAA.

CFD High Lift Prediction

C F D Workshop
Experiments CFD
tunnel walls with corrections to free | free-air
air

laminar/transitional/turbulent flow fully turbulent

brackets no slat or flap brackets (except
optional case 3)

Config 1 model geometry settings are the same between

experiment and CFD except for flap overlap (o/c) settings

AIAA HiLiftPW-1 — Chicago, IL June 2010 Slide 19 of 42



Geometry — flap and slat settings

Workshop

slat deflection
slat gap (g/c)
slat height (h/c)

flap deflection

flap gap (g/c)
flap overlap (o/c)

AIAA HiLiftPW-1 — Chicago, IL June 2010

config 1 config 8

30
0.015
0.015

25
0.015

target: 0.005
see next slide

30
0.015
0.015

20

0.015
0.005

Trailing Edge Setup Definitions

Measurement in Streamwise Direction

\1&- overlap

l \gao

| - -

Slide 20 of 42




Geometry — config 1 flap overlap CD High it Predicin

1998/1999 tests: no issues noted with setting 0o/c=0.005

2001/2002 model work done for hot film test — shims modified

setup for 2002 test
— unable to set flap g/c and o/c as 1998
— decision to set g/c same and accept the o/c (0.0026)
— both g/c and o/c consistent along span
2002 QA primarily for hot film locations on assembled model

— Langley CFD folks discovered:
flap overlap varies along span and flap gap was consistent

2004 — pulled model out of storage and re-assembled and set flap;
settings same as in 2002; tried to make it match QA results — not
physically possible

2004 QAed again

— QA results - flap overlap consistent; gap varies along span

AIAA HiLiftPW-1 — Chicago, IL June 2010 Slide 21 of 42



Geometry — for workshop CFD High Lift Prcicton

choices for workshop: config 1

1. as—designed files from Trap Wing Archive website (1998/1999
tests)

2. 2002 QA of assembled model
3. 2004 QA of assembled model

committee decision: 2002 QA results
— measured with deployed elements

— accept the issue of overlap
CFD code-to-code comparisons using same geometry
experiment is a reference for all the CFD

config 8 workshop geometry

— from workshop config 1 geometry; config 1 flap transformed to
stowed position and then transformed to config 8 as-designed
settings

AIAA HiLiftPW-1 — Chicago, IL June 2010 Slide 22 of 42



Geometry — 0.95" standoff G High L rediction

Workshop

Looking at nose of model mounted to floor in 14x22

body pod

0.95” standoff
- loads measured by
balance

gap
T standoff
peniche plate I . peniche plate
- not measured by ——
balance

« Standoff, gap, peniche plate make up a labyrinth seal
* Original model sealed differently — didn’t have standoff

AIAA HiLiftPW-1 — Chicago, IL June 2010 Slide 23 of 42



Geometry — 0.95" standoff

A A original model was without
this standoff, reference
85.054" point was bottom of body
without standoff 86.004" pod — Trap Wing also

with standoff ;a4 the bottom of body

pod as reference point

\ v

but standoff loads are measured by the balance, so CFD

workshop geometry symmetry plane is at the bottom of the
standoff

AIAA HiLiftPW-1 — Chicago, IL June 2010 Slide 24 of 42



Force and Moment Repeatability %D High Lt Prodiction

method
config 1 and config 8 plots — curve fits, bounds, experimental data from
workshop website

CL vs alpha
Cm vs alpha
CD vs alpha
CLvs CD
CLvs Cm

config 1 plots — all 14x22 experimental data over the years
CL vs alpha, residuals
Cm vs alpha, residuals
CD vs alpha, residuals
CDvs CL

repeatability conclusions

AIAA HiLiftPW-1— Chicago, IL June 2010 Slide 25 of 42



Repeatability Method CD High it Predicin

Using methodology described by Wahls, Adcock, Witkowski, Wright
(NASA TP 3522)

least squares polynomial curve fit based on all the data in a given alpha
range for a given configuration

— alpha range and order of curve fit are subjective, chosen by looking at residuals and
trying to minimize the error over the range

assessing repeatability by amount of scatter about this curve fit

prediction intervals — bounds about the curve fit related to the probability that any single
future observation will be within this interval (95%)

confidence intervals — bounds about curve fit that encompasses the true value within a
certain probability (not shown)

Because of biases in the data this violates statistical principle of
“‘randomness” but is still a useful measure of the data scatter.
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CL vs alpha — config 1 and 8 GFD Hgn Lt et
] = : . . . . : ESRER
2.5
config 1
e 1" _“config 8
o—)
1.5}

config 1 - curve fit
config 8 - curve fit

0.5+

I | | | |
S 0 S 10 15 20 25 30 35 40
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CL vs alpha — config 1 and 8 GFD Hgn Lt et
3 e
7
///./I
el
o gL . . EEERA o i |
27 & N\
. b7,/ N
5 config1 ./ 7
- : : : 7 ot
7~ config 8
- 7 s -
(&) 'y
/.
15" ]'/ £
4V .
b7 7 4 config 1 - curve fit
/ 4 config B - curve fit
1 i i) = = = —  config 1-predint
ol —~ — — config B - instr unc
2%
/
0.5k ; /.
7Y
(a1 | | | I | I

|
-9 0 S 10 15 20 25 30 35 40
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CL vs alpha — config 1 and 8

3 R —
Z J’m
l)};'.
f,f
2.5 A :
S \
. 7, | %
conflg.1 adl: :
2 : S 7 f 8
,# # config
- v
O w3 ¢
1 .5 -— - / o
/
g V. config 1 - curve fit
{“,’ config 8 - curve fit
B sswmn aE — — — config 1-predint
i — — = config 8 - insir unc
£ config 1- T513R105
0.5k £% config 8 - T478R63
R ;
(14l | | | | 1 1 |
-5 0 5 10 15 20 25 30 35 40
AIAA HiLiftPW-1 — Chicago, IL June 2010 a, deg
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ATA A
Cm vs alpha — config 1 and 8 G Hgn Lt Prociction
-0.15
- |
PPy~ esaes config 1 - curve fit I T
o A\ | config 8 - curve fit T
| \‘ | = = = config1-predint g,
025+ — — — configB-instrunc o
" | - config 1 - TS13R105
B config B - T478R63 L,
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" | Q
-0.35 F—wl .
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! ‘ o
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CD vs alpha conflg 1 and 8

Workshop
0.9 ——— e
: config 1 - curve fit /ié |
0.8F configB - curvefit B
| = = — config 1- predint o
07k = — — config8-instrunc | | %
: config 1 - T513R105 e
: o config 8 - T478R63 Ll
0.6 B e A
E// "t‘
05k ! : ! ! 7! ‘4
o y 74
(& s e g
%, " | configt #77 |
g P
03 . . 53‘ |
&, confng 8
0.2k | ,;’
77
0.1 pReEn = |
0 | | ! | | | ! l

S5 0 S 10 15 20 25 30 35 40
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CL vs CD — config 1 and 8

Workshop
3 - | .’ﬂ‘ 55-{0}@*.
| ,.ﬁ""#'
2.5 G
':f.:,.
2 -
O_J
1.0PF
config 1 - curve fit
1 config 8 - curve fit
. config 1 - pred int
config 8 config 8 - instr unc
config 1- T513R105
0.5 config 8 - T478R63
il | | | 1 Liassliii
O 01 02 03 04 05 06 0.7 08 09
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CL VS Cm — Conflg 1 and 8 CFDHi\c}:;vr;I!Ri;thF;:)ediction
<] = e oy T~ LB T G
| 7 -'7\:1 s '*r\‘\\
465 & |
¢ Lo
25F—1{; & L
| 'j "2 ‘ i
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41§ |
2 i1 ’ |
3 1} config 1 - curve fit
o 1N config 8 - curve fit
15 \f,\ i | | = = — config 1-predint
' M . — — — c¢onfig 8- instr unc
\'~\\\ \ config 1- T513R105
BER NN | o config 8 - T478R63
-~ N -
™ ~ '\S\\
~ \n‘\ x
| \l\?\ |
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CL vs alpha — config 1

CFD High Lift Prediction

Workshop
3.
25
2.
-l
Q
15
1 f-.’
w@' T478
9 T506
O 5 Fo ;/' ot .,‘.f_'_! 0 T51 3
N o< curve fit
ﬁ --pred int
-5 0 5 10 15 20 25 30 35 40
o Slide 34 of 42
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CL vs alpha — config 1 residuals CFD High Lift Prcicton

Workshop
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. AIAA
Cm vs alpha — config 1 @‘_"_'_‘

Workshop
-01
-015]
0.2} post-stall g
‘ g p
ot
T478
T5086
——curve it
-y pred int
-5 0 5 10 15 20 25 30 35 40
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Cm vs alpha — config 1 residuals

CFD High Lift Prediction
Workshop

0.025
0.02

0.015 : f; o 2

Xl

0.01 =9~ 10 -

I

0.005 - : ! — AT ]

~
“
=40
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O

-0.005
-0.01
-0.015
-0.02
-0.025.54 ~0 5 =2 8
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CD vs alpha — config 1

09
08|
0.7

06|

04}
03| Q
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CD vs alpha — config 1 residuals

CFD High Lift Prediction
Workshop
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CD vs CL — config 1 2D High LitPrdicton

Workshop

0.8} £
0.7}
0.6}
fﬁ
L os) //f

0.0090 '
041 1<0<33

0.3} %9 |
2 T478
T

0.2 B 508
a9 T513

b ——curve fit

0.1 : - —
0 0.5 1 1.0 2 25 3
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Conclusions about repeatability CFD High Lit radiction

Workshop

Config 1 in 14x22
based on 3 tests from 1998, 2002, 2003
several known differences between tests

e}

[¢]

[e]

[e]

o

different balances

flap overlap rigging issues

different positions in the tunnel

one test had hot films on surface

some tunnel modifications between 1998 and 2002

prediction intervals are conservative

overall variations are about 2-3 times expected instrumentation uncertainty
levels

variations within a given test are closer to expected instrumentation
uncertainty levels

Config 8 in 14x22

— based on 3 back-to-back polars on one day in 1998
— prediction intervals are well within expected instrumentation uncertainty

AIAA HiLiftPW-1 — Chicago, IL June 2010 Slide 41 of 42



Summary

Provided an overview of testing done with this
model

Provided clarity to the config 1 flap overlap issues
and to the body pod standoff

Experimental Data

— workshop is using config 1 and config 8 f/m and
pressure data from the 14x22

— Config 1 repeatability is rich with information

— there is more data available on this model — some still
requires more analysis

AIAA HiLiftPW-1 — Chicago, IL June 2010 Slide 42 of 42
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14x22 Wall Corrections JAIAA

Workshop
14x22 - Tesl 478 - Wall Corractions
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CL vs alpha — config 1 individual test residuafgfﬁ'ﬁfzi

Workshop
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Cm vs alpha — config 1 individual test residuis. oo e

Workshop
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CD vs alpha — config 1 individual test re&dua@

Workshop
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CL vs alpha — config 8 residuals CFD High Lift Prcicton
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Cm vs alpha — config 8 residuals

CFD High Lift Prediction
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CD vs alpha — config 8 residuals

CFD High Lift Prediction
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hysteresis — CL vs alpha — config 1

3 == T513R105, ncreasing alpha
T513R105, decreasing alpha
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A
hysteresis — CL vs alpha, near 0 — config 1 @---

—T513R105, ncreasing alpha
T513R105, decreasing alpha
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hysteresis — CL vs alpha, CLmax — config 1

—T513R105, ncreasing alpha
T513R105, decreasing alpha
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